Effects of single-base bulges on intercalator binding to small RNA and DNA hairpins and a ribosomal RNA fragment.
The way in which a single-base bulge might affect the structure of an RNA helix has been examined by preparing a series of six RNA hairpins, all with seven base pairs and a four-nucleotide loop. Five of the hairpins have single-base bulges at different positions. The intercalating cleavage reagent (methidiumpropyl)-EDTA-Fe(II) [MPE-Fe(II)] binds preferentially at a CpG sequence in the helix lacking a bulge and in four of the five hairpins with bulges. Hairpins with a bulge one or two bases to the 3' side of the CpG sequence bind ethidium 4-5-fold more strongly than the others. V1 RNase, which is sensitive to RNA backbone conformation in helices, detects a conformational change in all of the helices when ethidium binds; the most dramatic changes, involving the entire hairpin stem, are in one of the two hairpins with enhanced ethidium affinity. Only a slight conformational change is detected in the hairpin lacking a bulge. A bulge adjacent to a CpG sequence in a 100-nucleotide ribosomal RNA fragment enhances MPE-Fe(II) binding by an order of magnitude. These results extend our previous observations of bulges at a single position in an RNA hairpin [White, S. A., & Draper, D.E. (1987) Nucleic Acids Res. 15, 4049] and show that (1) a structural change in an RNA helix may be propagated for several base pairs, (2) bulges tend to increase the number of conformations available to a helix, and (3) the effects observed in small RNA hairpins are relevant to larger RNAs with more extensive structure. A bulge in a DNA hairpin identical in sequence with the RNA hairpins does not enhance MPE-Fe(II) binding affinity, relative to a control DNA hairpin. The effects of bulges on ethidium intercalation are evidently modulated by helix structure.